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PURPOSE 

To determine the flow characteristics and establish operation 
and i.nstallation limitations fo r  various sizes of the Model 101 Armco 
metergate. 

CONCLUSIONS 

1. The published discharge tables used prior to the tests  described 
in this report a re  in e r r o r  as much as  18 percent. 

2. To be used as a satisfactory flow-measuring device, a meter- 
gate must have sufficient submergence of the outlet to give a measurable 
water surface in the downstream measuring well. This required sub- 
mergence varies with the differential head, the gate size, the gate opening, 
and the height of the measuring well bottom above the crown of the pipe. 

3. The minimum outlet submergence and capacity for  a metergate 
for  given design conditions can be determined by procedure given in this 
_report. 

4. An outlet submergence of 1 foot is sufficient for  all gate sizes, 
and openings at differential heads u p  to and including 18 inches when the 
bottom of the downstream measuring well is l e s s  than 6 inches above 
the crown of the pipe. 

5, The outlet submerl:ence does not affect the accuracy of the meter- 
gate. 

6. The pipe downstream from a metergate should be at least 6 
diameters long. This length is based on the data shown on Figure 28, 

7. The test data taken from one s ize  metergate cannot be analyzed 
by hydraulic similitude relationships and the results  applied to other 
sizes because of geometrical dissimilarity of the gate assembly of the 
different sizes. 



may be shown by indicating their effect upon the coefficient ofl dis - 
charge, Cd, in the relationship, 

as follows: 

a. When the upstream water surface is less  than one 
diameter above the crown of the pipe, Cd is not a constant. 
The deviation from a constant value is less  for the smaller 
size metergates than the larger size. This conclusion is based 
on the results for gates with an unconfined entrance. 

b. When the flow velocities a r e  low (low Reynolds 
number), Cd is not a constant for a given gate opening, Figure 
19B. 

c. The corrugations in corrugated pipe influence Cd 
at gate openings between approximately 40 to 90 percent, 
Figures 23 and 24. 

d. Approach designs (Figures 2 and 26) influence Cd 
at gate openings above approximately 50 percent, Figures 24 
and 25. This influence w a s  not evident on the 8-inch meter- 
~af.e,  Figure 22. The results shown on the figures are for  the 0 

conditions when the effects of upstream submergence and 
are  negligible. 

9. The tap into the pipe 1 foot downstream from the gate seat 
to indicate the pressure head in the downstream measuring well 
should be on the top at the vertical center line because this location 
i s  used by the manufacturer and was that used in all except one test  
discussed in  this report. This test  disclosed that there was an e r r o r  
in discharge of as much a s  3 percent if the tap is offset 3-112 inches 
from the vertical center.line, Figure 27. 

10. The hydraulic grade line of flow in  corrugated pipe cannot 
be located by piezorrletric pressures taken in a cres t  (outer diameter) 
or. .valley (inner diameter) of a corrugation. The pressures indicated 
by piezometers placed in  the cres ts  read high while those placed in  
She valleys read low, Figures 12 and 13. 

RECOMMENDATIONS 

1. Use the new rating tables published by Armco Drainage and 
Metal Products, Inc., Denver, Colorado, unless the design conditions 
are ditlerent from those covered by the tables. 



capacity and limitations when the conditions are-different from those 
covered by the manufacturerfs tables, An example is contained in 
this report as Appendix I. 
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With thousands of acres  of arid land being developed annually for  
agricultural purposes, the necessity for  accurate distribution of the 
limited supply of water has become a problem of paramount impor- 
tance. The increased demand for  water created by new irrigation 
projects and the gradual lowering of the ground-water table in some 
1ocati.ons has made i t  necessary to provide means for  economical 
distribution. One requirement fo r  economical distribution is accur- 
ate measurement of flow to  the land at a nlinimum cost. 

One common measuring device is the metergate, The simplic- 
ity of design and low maintenance cost has resulted in i t s  extensive 
use, both for  measuring and regulating irrigation water. The meter- 
gate can be attached to corrugated pipe o r  to the smooth pipe of a 
concrete structure. When used as a measuring device, two 10-inch 
measuring wells, 2 feet o r  higher, are attached to the framework on 
the downstream side of the gate. One measuring well provides a 
means for recording the water surface upstream of the gate, while 
the other well indicates the pressure head 1 foot downstream of the 
gate seat. Figure 1 shows a metergate with the gate leaf in full open 
position, the measuring wells, and a 2-foot section of corrugated 
pipe. 

INVESTIGATION 

The Laboratory Installations 

A s~:hemat~c drawing of the installation for the metergates 
tested by the Bureau is given in Figure 2, The flow was provided 
io the test gate by three 12-inch and one 8-inch centrifugal pumps. 
It was necessary to use all of these pumps in the tp.;ting of the 24- 
inch metergate. The discharge w a s  determined by venturi meters 



the studies were 6, 8, 12, and 14 inches, thus making accurate flow 
measurements possible over a wide range, The venturi meters  had 
been recently calibrated, The flow after passing through the rock 
baffle in the head box of t.he tes t  installation had good dist.r~bution and 
a negligible velocity of approach to the metergate,. To ob4a.in p ressures  

b 
In the pipe downstream of the metergate, piezometers with a 118 inch 
i.nside diameter were installed at intervals on the top nor~rnnl to the 
inside surface. The piezometric p ressures  were t ransferred by rubber 
t ub~ng  to a manometer board (Figure 3A) which was positi.oi~ed with its 'C 

zero on the plpe center line. The manometer board was sca.led to 0.01 
foot which made possible readings to  the nearest  0.005 of a foot. 
Fluctuations in  p ressure  in the piezometer representing the downstream 
measuring well had to be damped considerably since it  was necessary 
r.0 get accurate water surface readings, This was accomplished by 
inserting 3/4-tnch diameter carborundum disks in a. p1asti.c cylinder 
in the line leading from the piezometer to tlhe manometer board, About 
t e n  r e ~ d i n g s  were taken f o r  each test  run  to obtain average! values for  
tbr, piezometric pressures .  

On ihe outlet of the installations there  .was a tzil box with a movable 
gase with wh'ich to r a i s e  o r  lower the hydraulic grade line. The t e s t s  
were made over a range of approximately 2- to  36-inch differences in 
water  surfaces .in the measuring wells. The 8-, 12-, and :L5-inch meter-  
gates were tested with 1-inch increments of gate opening and the 24-inch 
metergaie with 2-inch increments,  The indicator used to show the 
amount of gate opening is shown i n  Figure 3B, On the 12- and 24-inch 
gates, a section of transparent plastic was installed downst:ream from 
the gate so  that the f l ow  conditions below the gate could be observed, 
Figures 4 and 5, The plastic section was attached downstream of the 
corrugated pipe on the 12-inch gate while on the  24-inch gate it w a s  
attached d i r e d . 1 ~  to the gate seat,  

The test- installation used by Colorado A&M College to  tes t  tke 
48-inch metergate is shown in Figure 6, The flow was provided by 
diverting water from the Cache .la Poudre River through the concrete 
test flume, F ~ g u r e  7, The dis.-.harge was determined by means of a 
steel weir located at  the outlet end of the test  flume, 

The Analysis of the Problem 

The Hydraulic Laboratory stud.ies were made to establish 
installation limitations, such  a s  the necessary outlet submergence, 
and to extend the manufacturer Is rating tables. 

As a basis for  evaluating the flow characteris t ics  and limitations .Q 

of the metergates, the following relationship was used: 



where: Q = discharge, cfs 
Cd = coefficient of discharge 
d = nominal diameter of gate, feet 
g = gravity, 32 .  2 ftIsec.2 

4 
A H  - difference in water surface in measuring wells, feet 

F rom the initial analysis of the problem, it was concluded that the 
coefficient of discharge, Cd, would be influenced by the following 

r variables which a r e  defined in Figure 2; the upstream submergence, 
h; the gate openlng a,  the nominal diameter of gate, d; the location 
of downstream measuring well, x, measured from the gate seat;  and 
the mean velocity in the pipe, V To facilitate the use of the variables, 
h, a, d, x, and V. they w e r e  ;ut into dimensiunless parameters  with 
this resulting relationship: 

The parameter,  Re, is the Reynolds number and is obtained f rom 
the following relationship: 

V = mean velocity in the pipe, f t / sec  
d = nomica1 diameter of ate, feet I v = kinematic. viscosity f t  / s e c  

The advantage of using Re ra ther  than V o r  Q was that the viscosity 
factor takes the temperature of the fluid into consideration, and Re 
is a common parameter  used to compare hydraulic data. 

It w a s  anticipated that the limitations of installation and oper-  
ation for  all s izes  of metergates could be established with a sa t i s -  
factory degree of accuracy by investigating the above parameters  
on a 12-inch metergate and apply the laws of similitude, However, 
early in the investigation i t  was found that the similitude relation- 
ships could not be applied because of differences in the gate assembly 
of the various s i zes  so  a rr;nge of s i zes  were tested., 

Preliminary Study on the 12- and 24-inch M e t e ~ t e s  ---- - 
e The initial test  resul ts  on the 12-inch gate revealed a discrepancy 

with the rate of flow fo r  a particular AH and gate opening given in the 
manufacturer's tables The 12-inch metergate was tested with a 2- 
foot section of corrugated pipe attached to the gate seat, and the next gate 
(24inch) was tested with4fee1 3f 1 ransparent p las t~c  pipe plaved immediately 
downstream frorn the gate seat *o determine the effec 1 c.f snloolh and c.orru- 
gated pipe. The test r c ~ s u l t s  f r  cnl the 24 -~nc-.h ga?e also showed a disagree- 
ment with the manufat tur er 's tables a s  di;! 1 hose obta~ned for. the I s inch  and 
48-inchgates at Colorado A&M Ccllege Sinc c. rhls disc.repancyin some in- 
s tances was a s  much a s  18 percent, a comprehensive study was deemed 



. 
resul ts  oh these gates also revealed that thedischarge curve devi- 
ated from a stra:.ght line on logarithmic paper at  low AH'S. This 
deviation was later  de te rm~ned  to be the effect of Re and upstream 
submergence a s  w i l l  be discussed in s~lbsequent parts of this report ,  

The resul ts  of the tes ts  on the 12- and 24-inch metergates and 
those obtained at Colorado A&M College were compared b making 
a plot of Cd versus h / a  at corresponding gate openrngs (a  7 d x 100). 
The resulting plot is shown in Figure 8, The Cd used in this plot 
was based on AH measured at a point downstream from the gate 
seat,  a1 bitrarily selected, equal t.o a n  x/d of 2/3, Upon this basis, 
geometric similarity was satisfied providing the metergates were 
geometrically s imilar ,  The plot showed some variation of Cd with 
h/a, indicating that the upstream submergence, h, influenced Cd, 
and that some geometric: dlsslmilarity existed between gates of 
different s lzes,  The curves were horizantal straight l ines above 
a critical value of h/a, the point where h did not influence Cd. 
However, the values of Cd for  the metergates above this crit ical 
value of h /a  dlffered by 10 percent at some relative gate openings, 
a/d, a factor considered indicative of geometrical dissimilarity. 

The fact that the 1 2 -  and 48-inch metergates were tested with 
corrugated pipe and the 24-inch metergate with smooth pipe w a s  
not overlooked, but it was believed that the variation in  the pipe 
roughness could not cause all the Cd difference. The geometric 
similarity of the metergates was then investigated, Examination 
of the manufacturer 's drawings, Figures 9 and 10, revealed that 
geometric similarity did not exist between the rnetergates of dif- 
ferent s izes  and this would explain the source of much of the dis-  
crepancy in   he plot of Cd versus h/a.  

T h ~ s  discussion on dlsslrndarlty should not be construed a s  
meaning poor design of the metergates, because other factors 
besides similitude must be considered in  the designs, but to indi- 
cate that some other method of analysis must be applied to the 
laboratory study. The decision firially reached w a s  20 make further  
tes ts  on an 8- and a 15- inch  metergate, and to determine the charac- 
ter is t ics  of other s i zes  by r~terpolation and extrapolation of the 
resul ts  from the six s izes  

The new procedure of analyzing the test  data was to base the 
Cd on the AH measured at x - 1 2  inches fo r  all s izes  tested, This 
made the parameter,  x/d, a variable, and the resul ts  for  one gate 
comparable to those fo r  the othen s lzes  only by interpolation o r  
extrapola.tion, 

The Outlet Submergence Litnitation 

The tes ts  on the several  gate s u e s  disclosed an Important 
limitation, namely, that of p180vld ~ n g  ample outlei, submergence, 
h,, Figure 2, fo r  the differential heads AH a t  which the metergates 



to provide a measurable water surface in the aownstream measuring 
well, arbi trar i ly selected a s  6 inches above the top inside surface of 
the pipe. The submergence necessary for  this  condition was found to 
vary directly with the magnitude of AH.  Figure 11 gives the informa- 
tion fo r  determining the required submergence for a given gate instal- 
lation. Examination of this figure will show that the greatest  submergence 

I is required for  gate openings of approximately 40 to 60 percent. With the 
6-inch minimum level in the downstream well and a given gate s i ze  and 
discharge, a maximum value of AH must be determined a s  outlined in the 

Y appendix of this repor t ,  The required outslet submergence hs can be deter-  
:-nined using this AH It will be (AH + 6 inches) minus Hd. An example 
is given in the appendix. 

The determlnatlon of the required outlet submergence for  the gates 
attached to corrugated pipe was difficult in that the hydraulic grade line 
of t he  flow was not indicated by piezometers placed in  either the c res t s  
o r  valleys of the corrugations. A s e r i e s  of tes ts  were made to determine 
the influence of the corrugat.lons on the piezometric: pressures.  The 
analysis of the data was based on the i esults of these tes ts  which a r e  
discussed In the following section of this report,  

P r e s su re s  in  Corrugated Pipe 

In  the tes ts  having corrugated pipe attached to the gate seat, anal- 
ys is  of the p ressure  data was difficult due to the local ? ressure  vari-  
a t ~ o n s  in the corrugations. The pressures  indicated by a piezometer 
located in the c res t  (most distant point. f rom pipecSenter line) of a 
corrugation were different f rom those indicated in the valley (closest 
point to pipe center line), The distance between the c res t  and valley 
was 1-113 inches fo r  all  pipe slzes,  Confronted with this condition, 
i t  was concl.uded to make t es t s  on a section of corrugated pipe to  
establish some basis upon which an evaluation of the data could be 
made. 

The installation used f o r  the study is shown in Figure 12. The 
smooth s tee l  pipe upstream and downstream from the corrugated 
section was providrtd with piezometers to locate the hydraulic grade 
line. Nine p i e z ~ m e t e r s  v P f  r e  located in the corrugated section, five 
in the c res t s  of corrugations and four in valleys, The piezometer 
designated No, 5 was installed to represent  the construction used by 
the manufacturer on the downstream measuring well tap and to  observe 
the effects of such an Installation This was done by placing a piezom- 
e te r  normal to the pipe axis and extending i t  through the pipe wall to a 

P 
position refer red  to a s  the nom~nal  dlameter The 1 / 2 - inch-radial 

C 
space surroclnding the piezometer tube inside the pipe was filled with 
solder, Flgure 12 

Figure 13 il lustrates t h e  resul ts  of tes ts  conducted on this instal- 
lat.ion. The pressures  are grven for  t w o  discharges, $ = l. 32 cfs and 
Q = 4.09 cfs.  A comparison of the t w o  runs indicates that the large  
variation In pressures  GI Q = 4 09 cfs  must be the effect of the veloc- 
ity. All.hough no tes ts  were made to confirm thls conclusion, it seems  



v ~ o c . l l y  head d;e to  the  ~rnpirlgrrntlnt of the f l o w  on  th2. ; a l l ey  s ide 
In add~ t ion  lo  the s ta t ic  pressure ,  and the p r e s s u r e s  lri the valley 
were actually l e s s  than the s ta t lc  p r e s s u r e  due to  a slight separ- 
ation. The dashed line connecting the hydraulic grade  l ines  of the 
smooth pipe was assumed to be the corrugated plpe gradient, which 
was approximately the mean value of the  c r e s t  and valley pre-  a su res .  
In te rpola t~ons  of the metergate  data  concerning required outlet sub- 
mergence were  based upan this  assumption, The e r r o r  involved was 
believed to be negligible The p r e s s u r e  indicat.ed by a piezometer 
installed, such  as No, 5, F igure  12, is the  s a m e  a s  f o r , a  piezom- 
e t e r  locat.ed In the c r e s t  Thls  can be observed readi ly  in F igures  
13 and 14. Flgure 14 glves  the p r e s s u r e s  f o r  var ious discharges.  

However, t.ests discussed In a subsequent p a r t  of this  repor t  
indicate thzt Cd is, not inf luewed by the corrugations at the  full gate 
opening, Thls can b e  explained by the fact that  the tap  f o r  the 
down5tr~a.m measuring well 1s locxted i n  the  vena contracta  zone 
which LS controlled in shape and charac te r  by conditions other  than 
t.he corrugations.  

This  t e s t  on corrugated pipe 1s not a conlprehensive study 
because of lirnlted faci l i t ies  st the  t l m e  and the immediate  need 
of the ~nf0.t-mation, The re  is no doubt that the length of an 8-inch 
corrugated plpe t e s t  sectlon should be longer than 4 feet  in o r d e r  
Sor the flow to a s sume  i t s  natural  distribution. 

The Upstream Submergence Limitation 

During  he testlng, l o g a r ~ t h m i c  plots were  made of discharge 
ve r sus  difference in  head ( AH) fox. the different s l zes  of gates a t  
various openings. These  plots gave s t ra lght  lines f o r  the higher 
values of AH, but a variable dev~a t lon  f r o m  a st rarght  l ine at s m a l l  
valucs of AH and h as show11 1n Figure 15,  This charac te r i s t ic  w a s .  
p=tic:ularly notlc.eable on the 24-inch metergatc .  The effect was 
observed visually by noting the change in  A H  ai a given flow whet1 
the tail gate sett lng was charaged to r a i s e  or  lower the hydraulic 
grade  llne, inc:lud~n the  hr  tid box water  surface, .  Although the flow 
remained constant g H  w a s  ddferen t .  Thls  condition explains at  
l~ast .  pa r t  of the deviation of the discharge c.ilrve f rom the s t ra ight  
line. In other  words, the s a m e  discharge will be  obtained a t  dlT- 
ferent  values of OH by increasing o r  decreas ing  h, when the  value 
of h i s  relatively sma l l  

The equation of the cur-ve on the graph shown In Flgure  15 i s :  
2 

Q ; Cd ' L ' 2 m  4 

Any change in AI-I a t  a constant discharge rnust be the r e su l t  of a 
variable Cd s lnce there  w a s  no change I n  the pipe diameter ,  d, o r  
the g r a ~ j t ~ a t i o n a l  force,  g .  



deviation from the straight llne became smal ler  and was negligible , 

when the value of h was twice o r  more the diameter of the pipe. 
As previously stated, the effect was inore pronounced on the 24- 
inch gate than on the smal ler  s izes  tested in the Bureau laboratory. 
Other examples of the effect of h upon Cd a r e  given in Figures 16 
and 17, In Figure 16 a plot of Cd versus  Re at the 100-percent 

A gate opening shows the effect upon Cd of varying h at a constant 
value of Re. 

v Slight incons~ster~cies  were noted in the t e s t  data fo r  low up- 
s t ream submergence (h l e s s  than 2d). This was attributed to  
unsteady flow condit~ons in the errtrance, If accuracy is a para- 
mount consideration the gates should be instal-led to  provide a 
submergence of at least one pipe diameter above the crown o r  
h >2d, since any correction would be difficult and at  best only 
approximate . 

The Effect of Velocity Upon Cd 

In the initial analysis, the assumption was made that the 
velocity of the flow would be one of the variables influencing Cd 
because the velocity would effect the separation zo-ne shown in 
Figure 18, Since the downstream measuring well is located 1 
foot f r om thewgate seat, the value of AH is generally influenced 
by conditions within the separation zone. F o r  simplicity of 
evaluation the mean velocity was chosen. This mean velocity is 
included in the dimensionless parameter  Re and this parameter  was 
used in the study, 

The resul ts  of the studies a r e  shown in Figures 19 to  21. 
inclusive. As stated on the figures, the curves a r e  fo r  two influ- 
encing conditions, namely, pipe roughness and approach design. 
The procedure used in attempting to separate the influence of Re 
upon Cd f rom the upstream submergence effect was as follows: 
The value of h was held grea ter  than 2d by using the tai l  gate to  
shift the hydraulic grade line and varylng Re in the lower range. 
A deviation of Ca witLRe was dpparent, Ttus deviatior. is illus- 
t rated on Flgufe 19B At b:gh values of Re o r  discharge, the 
curve is a straighl 1 I ne 51 r l c  e any factors effecting Cd a r e  small,  
but in the lower range of Re there  i s  an apparent effect upon Cd. 
The deviation of Cd attrtbutable Ic Re is also irtcluded on Figure 
15. This  influence has been considered in the preparation of the 

0 new rating table. 

Influence of Corrugated Pipe on Cd -- -- 
The cornparaison of smooth and corrugated pipe was made on 

the 1 2 -  a.nd 15-inch metergates The effect of the pipe corrugations 
upon Cd is ~ndrcated in Figures 23  and 24,, These curves of Cd 
versus percent gate spenlng were based upon the plots made of Cd 
versus Re illustrated in Figures 1 9  and 20, ,at Reynolds numbers 



beyond the cr i t ical  z6ne where the influence by h (upstream s i b -  
mergence) and Re is negligible, The maximum deviation between 
the two curves of Cd is approximately 7 percent on the 12-inch 
metergate. The effect of the pipe corrugations was evident between 
40 to 90 percent of the gate opening. The effect upon Cd can be 
explained by the fact that the zone of separation is influenced in  
shape and character  by the pipe roughness, thus influencing AH 
from which Cd is obtained. Below the 40-percent gate opening the 
separation zone covers a much longer portion of the pipe, and the 
pressure in the vicinity of the measuring tap was relatively cotlstant, 
Above the 90-percent opiening the influence of the shape of the gate 
f rame  (angle iron, etc. ) of the metergate upon the contraction region 
immediately downstream is apparently mor? dominant than the corru-  
gaticns of the pipe. 

Influei~ce of Approach Design on Cr7 

Since it was expected that some variztion in Cci might be 
attributed to the approach design, a acsi was made on one of the 
most common approach designs az~d compared to the unconfined 
entrance of Figure 2, The approach design shown,in Figure 26, 
which is a par t  of Bureau of Reclamation Specifications No. 2838, 
was used fo r  this  purpose, The effect of this approach upon Cd 
a s  compared to  that of the unconfined approach is shown i n  the 
;:lot of Cd versus  percent gate opening in  Figures 22, 24. and 25. 
The tes ts  revealed no influence by approach design on the 8-inch 
metergate, provided the upstream submergence was sufficient to 
give a uniform velocity distribution approaching the entrance, which 
was not the case  for  points 1, 2, and 3 on Figure 17, However, the . 

! effect 1s qu1t.e evident on the 15- and 24-inch metergates above 50- 
percent gate opening, This is a resul t  of changes in the s t reamlines  
approaching the gate entrance which influenced the zone of separa-  
tion. The fac t  that the approach effect was not indicated in the 8- 
inch metergate t e s t s  is understandable since the dimensions of the 
design, Figure 26, were held constant for  all s i zes  tested, thus 
giving relatively l e s s  corfinement of the entrance of the sma l l e r  
sizes. The effect of variatior in approach designs would not be 
noticeable at the small  gate openings. More recent laboratory tests 
on gates s i ~ n i l a r  to the metzrgates revealed the walls of the approach 
shown in Figure 26 a s  compared to  the unco:?fined entrance in  Figure 
2 to cause a g rea te r  effect upon Cd than the floor arrangement of the 
two designs if the submergence was sufficient to give uniforrx veloc- 
ity distribution, Tests  made with the floor of Figure 26, but without 
the approach walls, indicate resul ts  comparable to those of tha un- 
confined entrance shown In Figure 2, The deviation in Cd f r o m  that 
for  the uncoufined entrance at  full gate opening increased with the gate 
size, from 0 percent f o r  the 8-inch, 6 percent for  the 15-inch, to 8 
percent f o r  the 24-inch metergate.. 



Tests on a well installation similar to that indicated in Section 
-B, Figure 26, were made on the 24-inch metergate with srnootb 
ipe attached to the gate, The results a re  shown on Figure 27. F 

The testing was not extensive, but the results clearly indicated an 
e r r o r  in discharge of as much as 3 percent was introduced with 

4 the offset piezometer installation. All published rating tables are 
based on the measuring well tap being located on the top. The 
reason for the difference in pressure in the two piezometers, both 

e located 1 foot downstream from the gate seat, was the result of a 
variation in the velocity of the flow along the pipe surface, created 
by the protrusion of the gate slide into the flow at pa r t id  openings 
(20-inch, Figure 27) and the framework of the metergate structure 
at the full open position. 

Distance Aiong Pipe to Uniform Velocity Distribution 

The pressure distribution in the pipe downstream of the gate 
was recorded for all gates tested in oPder to determine the minixqqm 
length of pipe required for satisfactory operation. The minimum 
l ~ n g t h  would be that required to attain uniform velocity in the pipe 
at 'all gate openings, The results of these tests are shown on Figure 
28, from which it was concluded that six diameters could be uged qr 
a criterion. The plotted points were based on laboratory piesome: 
tr ic data, from wbich the point of establishment of uniform velocity 
was estimated, thus the curves a re  not a s  smooth as might be ex- 
pected. The importance of this test was to make certain that an 
installation wi l l  have sufficient pipe length to minimize erosion at 
the outlet and to prevent sweeping the water out of the downstream 
measuring well at partial gate openings, 



FIGURE 1 
REPORT HYD. 314 

Metergate Studies 

12-INCH ARMCO METERGATE MODEL NO. 101 
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FIGURE 9 
REPOR? MYD. 394 

A. Manometer Board to indicate pressures along pipe - 
24 -inch metergate 

B. Indicator to measure gate opening-12 -inch metergate 

Met'ergate Studies 

INSTRUMENTATION USED IN TESTING METERGATES 



REPORT HVD. 314 

A. Side view of 12-inch metergate 

B. Close up 12-inch metergate 

..' 
Metergate studies 

I .anrsR A 1 3 n R v  1NSTA I.T,ATIC)N OF 12 -INCH METER GATE 



A. General v iew 24-inch metergate 

B. Air admitted imsnedfately downstream of gmte to 
illustrate tuPbulcncc. 1 2 - b h  gc4c wabg 
Qm 15 c.f. 8 .  

Meterpte Studies 





FIGURE 7 
Report Hyd. 314 

A. Bellevue Hydraulic Laboratory, Fort Collins, Colorado 

B. Test  Flume with 48- inch metergate i n  foreground 

Metergate  Studies 

LABORATORY INSTALLATION OF 48-INCH METERGATE 
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I DETAILS OF SLIDE CALCO 101 
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STUDY OF PRESSURES IN 8-mCH CORRUGATED PIPE 

All piezometric pressures, in feet of 
piezometers, see Figure 12. 
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water, are based on pipe center line. ?or location of 
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R E L A T I V E  HEAD h/0 

A .  PLOT OF Cd vs. h/a 

0 O~schorqc c l  5 
Cd = Coefflccent of d~schorge 

d : Nomtnol diameter of pate, f t  
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SAMPLE COMPUTATIONS FOR A M E T E R G P T E  INSTALLATION APPLYING PRESCRIBED L l M l T A T l O N S  

I CONDITIONS ( i lVEN:  

Con01 w.s. @ El. 100, Lotero l  KS. @) El. 99, :. q= n . 0  f t . ,  q u o n t i t y  t o  be delrvered = 6 c.fs., mrnimum w.S. in downstream wel l=  6 rnches 
(obove t o p  inside surfoce of p ipe) ,  smooth pipe o t toched to gote. 

2 DETERMINE SIZE OF METEHGATE' 

Assume velocrty whrch will not couse object~onoble erosron of outlet, soy 5 f.p.s. Areo of prpe = = $- = 1.2 ft.' 
Use 15-rnch gote wrth oreo o i  1 .227 f C *  

3 DETERMINE MAXIMUM A H  FOR I N S T ~ L L A T I O N :  

From Frpure 11 moximum pressure foc tor ,  $, f o r  15-  inch gote with smooth pipe is 1.56 from whrch A H  rnoxrmum = 1.56 ft. 
4. DETERMINE MINIMUM SUBMERGENCE, h s ,  REOUIREO TO PROVlDE W.S. IN DOWNSTREAM WELL 2 6 INCHES ABOVE P I P E .  

I t  is necessary to  use the moximum pressure foctor f rom the appropriate ccvve, Frgure 11, t o  determine minrmum hS i f  the gote 
IS t'o be used effectrvely over the complete range o f  openings. From above sketch, hs = f a H + O . d ) -  Mr, = f r 5 6 + 0 5 ) - 1 0 -  1.06 ft. 

5, CHECK UPSTREAM SUBMERGENCE : 
h = ~ 1 ) + h ~ + d = l . 0 + 1 . 0 6 + 1 . 2 5 ~ 3 . 3 1 f t .  .'. 3.31 w 2 d  

6 CHECK M A X I U U M  C A P A C l T I  OF GATE:  
IS" A t  f u l l  go te  opening = 1.08 I Fig. I l l  :. A H =  1.08 f t .  m 1 z 3  . 

From m fg. t d b l e ~  0 = z 8 7  C. f s. 
USE MFG. T481ES FOR OETERMINING DISCHARGE OUAN T I  TIES. METERGATE S T  UOIES 
FOR A H  > 18" USE W E  METHOD OUTLiNEO IN THE FOLLOWING PAGES 

OF THIS APPENDIX TO DETERMINE THE DISCHARGE. ( C O M P U T A Y I O N S  F O R  
M E T E R G A T E  I N S f A i , i l T I O N  
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on the plots shown-on Figures 30 to 43, These plots were prepared 
by Colora.do A&M College using the data f rom the Bureau of 
Reclamation and thei r  own hydraulic laboratory. 

Basically, these plots a r e  the Cd versus Re curves contained 
0 

in Report No. Hyd-314 with a third grid system, the dimensionless 
parameter  ~2  AH^/^' added to  simplify the procedure fo r  ob t a i~ ing  
tabular values of the rating tables. 

The procedure as outlined in a report  titled "Calibration of 
Armco htetergates Model No. 10 1 " published by The Colorado 
Agricultural Research Foundation, Colorado A&M College, For t  
Collins, Colorado, is given below: 

I I In general, to find the discharge Q fo r  a given 
head d i f fe~ence  AH, fo r  a given size metergate, and a 
given gate opening, the following procedure can be u il- 
ized: solve the dimensionless parameter  ~2 AHgl  v b 
by substituting the pipe diameter in feet  for D; the given 
head difference in ft ,  f o r  AH; 32,2 ft. per  sec. pe r  sec. 
f o r  acceleration of gravity g; and 1 -21  x 10-5 sq. ft. pe r  
sec. based on a temperature of 600 F selected as the aver- 
zge condition fo r  the United States, fo r  kinematic viscosity v. 
With this  value fo r  D2 A ~ ~ l v 2 ,  enter the figure which applies 
for  the given gate size, and follow down the proper sloping 
line to the left until the curve representing the given gate 
opening is intersected. Finally, drop vertically down f rom 
!.his point, to read the value of Reynolds number Re f rom 
which either V o r  Q may be computed by the following 
equatr 

For  example, 

Metergate size 42-inch 
Gate operung 20 inches 
Difference i n  head ( AH) 4 inches 

then 
































